Background-Paraoxonase (PON1) enzymatic activity assays are used to characterize sensitivity to organophosphates and oxidative stress. Length of sample storage, temperature and other factors may influence variability of PON1 measurements, especially in longitudinal studies.
Introduction
Paraoxonase 1 (PON1) is a high-density-lipoprotein (HDL)-associated enzyme, whose multifunctional activities implicate a role in both organophosphate (OP) sensitivity and oxidative stress [1] . Its name stems from the ability to hydrolyze the oxon derivative of parathion, a neurotoxic OP pesticide, and further studies have shown PON1 can hydrolyze additional OPs in vitro, including nerve agents such as sarin and soman [2] . OP pesticides are still widely used in agriculture; for instance, 2 million pounds of chlorpyrifos were applied in the state of California in 2005 [3] . Diseases related to oxidative stress including heart disease, are some of the leading causes of mortality and morbidity in the U.S. [4] . Attention towards a potential link between cardiovascular disease and PON1 originated from its physical association with HDL. In vitro and in vivo studies suggest that PON1 has antioxidant properties as it prevents LDL and HDL oxidation [5] and protects against atherosclerosis [6, 7] . Understanding the determinants of PON1 variability and how they confer susceptibility to disease or exposures may have broad public health significance.
Experiments in developing animals suggest OP exposure, especially in the young, may influence neurodevelopment and growth [8] . In our longitudinal birth cohort, CHAMACOS, we previously reported an association between in utero OP exposure, as measured by urinary metabolite levels, and decreases in gestational duration [9] , abnormal reflexes in neonates [10] , and mental development at age two, and increases in maternal report of pervasive development disorder. Since PON1 can hydrolyze OP oxon derivatives, it may mediate susceptibility to OP exposures. Berkowitz et al. [11] found that for pregnant women with chlorpyrifos levels above the limit of detection, those women with higher PON1 levels had children with larger infant head circumference at birth. PON1 genotypes, including the polymorphism at position 192, have been associated with preterm birth [12, 13] . PON1 genotypes have also been associated with a myriad of other health outcomes related to OP sensitivity and oxidative stress including Alzheimer's disease [14] , Parkinson's disease [15] , and cardiovascular disease [16] . However, results have been inconsistent. PON1 enzyme levels can range widely even between individuals with the same PON1 genotypes. PON1 status which considers both PON1 genotypes and PON1 levels is a more informative biomarker for use in epidemiological studies than PON1 genotype alone [2, [17] [18] [19] . Therefore, PON1 studies should utilize PON1 enzymatic assays for determination of PON1 phenotypes whenever possible.
Assays employing spectrophotometric methods to measure the rates of hydrolysis of specific PON1 substrates (i.e. phenyl acetate and paraoxon) have been in use for many years [20, 21] . The development of a microplate-based method has allowed for high-throughput measurement of PON1 activity [19, 22, 23] . As a result, PON1 activity measures have become a viable biomarker of PON1 phenotypic variation in epidemiological studies [2, 24] . Previous studies have established experimental conditions for PON1 substrate-specific assays by determining the appropriate substrate, salt, and plasma concentrations [23] . However, few studies have used these assays to compare PON1 phenotypes in the same children at multiple time points [25] . In large longitudinal studies and pediatric disease studies, thousands of samples may be collected at various times over the course of many years. The effects of additional experimental factors such as sample handling and storage become particularly important to address in these studies as they may influence measurements of PON1 levels and enzyme activities and overall interpretation of results.
Several factors can affect biomarker variability. For instance, biologic factors are related to host variability, while technical variation in the laboratory may be due to methodological differences, human error, or other factors [26] . In order to accurately shed light on biologic factors related to biomarker variability, one must minimize the possible sources of technical variation that may affect analyses. For instance, enzymatic assays are generally affected by temperature; ambient temperature can fluctuate day to day, which may influence the measurement of PON1 phenotypes. In large birth cohort studies, variation in specimen handling and storage including length of storage duration at different temperatures (often −20°C or −80°C
) and number of freeze-thaw cycles may serve as additional sources of technical variation [27] . Previous studies of PON1 activity have shown little change over the course of 6 months for specimens stored at −80°C [28] , however sample storage may span several years in longitudinal studies. Another paper indicated a decrease in paraoxonase activity with increased storage time, but the authors stored samples at −20°C rather than at −80°C [29] .
Materials and methods

Study subjects
Samples from 2 ongoing projects were used for this validation study including (1) a pediatric inflammatory bowel disease (IBD) case-control study and (2) a longitudinal birth cohort study, the Center for Health Assessment of Mothers and Children of Salinas (CHAMACOS). The IBD cohort was established as part of a pilot study of biomarkers of genetic damage in pediatric patients [30] . Cases and controls matched by age, sex, and race were recruited from hospitals that were members of the Pediatric IBD Consortium [30, 31] . The majority of children were Caucasian (82%) and ages ranged from 5-to 17-y (mean = 12 y). CHAMACOS is a cohort study of the effects of pesticide and other environmental exposures on neurodevelopment, growth, and respiratory disease in children from primarily Latino farmworker families in the Salinas Valley, CA [32] . Located in Monterey County, the Salinas Valley is an area of heavy agricultural production where approximately half a million pounds of OPs are applied annually [3] . Human subjects approval was obtained for both projects.
To confirm the overall reproducibility of the PON1 enzyme activity assays between laboratories, a set of CHAMACOS samples (n=22) were run in parallel both at the Holland laboratory at the University of California, Berkeley (UCB), and at the Furlong laboratory at the University of Washington, Seattle (UW), using identical reagents, software, and protocols.
For comparison of PON1 enzyme activity in serum and heparinized plasma, samples from a random selection of children from the IBD cohort (n=38) were used. PON1 enzyme activity assays were performed in parallel samples of each type for each individual.
Inter-and intra-assay CVs of PON1 activity (4 substrate-specific assays) were examined by analyzing multiple aliquots of heparinized plasma from laboratory volunteer samples. Aliquots of these samples were assayed in triplicate in the same experiment and also as many as 20 times in separate experiments. Inter-assay variability was measured using parallel aliquots of the same sample run on different days and within-assay variability was measured by using parallel aliquots of the same sample run on different plates but on the same day. Additionally, these laboratory volunteer samples were used to examine short term effects (less than two years) of assay temperature, storage duration, and freeze-thaw cycles.
To compare effects of storage duration in samples stored > 2 y, a set of randomly selected heparinized plasma samples (n=95) from pregnant women in the CHAMACOS cohort [32] were assayed for PON1 activity after 2 and 7 y of storage at −80°C. These data were compared to PON1 enzymatic assay measurements from another set of CHAMACOS mothers (n=27) whose samples were also assayed after 2 and 7 y of storage. In this set, samples had undergone an additional freeze-thaw cycle between the second and seventh year of storage. These samples were used to determine the effect of freeze-thaw cycles on the PON1 enzyme activity in samples stored > 2 y.
Blood collection
Blood was collected blood via venipuncture with and without heparin. Blood samples were separated into various components and then aliquotted, barcoded for identification, and stored (−80°C) at UCB for future use according to Best Practices for Biorepositories [33] .
Determination of PON1 levels and activities
Several substrate-specific kinetic enzyme assays have been developed to measure PON1 phenotype using spectrophotometric methods. The paraoxonase (POase) assay measures the rate of hydrolysis of paraoxon, the oxon derivative of the OP pesticide parathion. Similar assays (DZOase and CPOase) have been developed for diazoxon and chlorpyrifos-oxon, the derivatives of OP pesticides diazinon and chlorpyrifos. PON1 status determination can be resolved using a two substrate assay, which plots DZOase versus POase activities and reveals a trimodal distribution that resolves subjects by PON1 192 genotype [19] . It should be noted however that the variation measured by the DZOase assay as employed in PON1 status determination is not biologically relevant. The high salt concentration utilized in the assay inhibits the activity of the PON1 192 R alloform even though the PON1 192 Q and R alloforms have equivalent catalytic efficiencies for DZO in vivo [24] , and is used intentionally to provide better resolution in the two substrate plots. PON1 hydrolysis of the aryl ester, phenyl acetate, is used by researchers to determine arylesterase (AREase) activity. Since PON1 rates of phenyl acetate hydrolysis do not differ between PON1 192 Q and R alloforms as they do for paraoxon hydrolysis (POase), AREase activity is considered a reliable measurement of PON1 enzyme levels. ELISA and Western blot based methods utilizing PON1 antibodies confirm a high correlation between measured PON1 levels and arylesterase activity (r > 0.85) [34, 35] .
In this study, PON1 enzyme activity towards 4 substrates (phenyl acetate, diazoxon (DZO), chlorpyrifos-oxon (CPO) and paraoxon (PO)) was measured in either serum or heparinized plasma samples using spectrophotometric methods as described previously [19] . Levels of arylesterase (AREase) activity were determined in a Molecular Devices SpectraMax ® PLUS Microplate Spectrophotometer. Rate of formation of phenol was monitored every 15 sec (270 nm, ambient temperature) after the addition of 20 μl (1:80 dilution) of plasma or serum to 200 μl of a 3.26 mmol/l phenyl acetate solution (9 mmol/l Tris-HCL pH 8.0 0.9 mmol/l CaCl 2 ). For DZOase activity, hydrolysis of DZO was determined by measuring the rate of formation of 2-isopropyl-4-methyl-6-hydroxy pyrimidine (IMHP) when 20 μl (1:10 dilution) of plasma were added to 200 μl of 1 mmol/l DZO (2 M NaCl 0.1 mol/l Tris-HCL pH 8.5 2.0 mmol/l CaCl 2 ) at ambient temperature. Since AREase and DZOase assays were performed at ambient room temperature, their measurements may be subject to temperature fluctuations present in the laboratory environment. In contrast, CPOase and POase activities were measured at 37°C (controlled by SpectraMax) and therefore were less prone to temperature fluctuations in the laboratory. Readings were made every 15 sec at 310 nm and 405 nm, respectively. Buffers were prewarmed in a 37°C water bath. Formation of 3,5,6-trichloro-2-pyridinol (TCP) and pnitrophenol was measured after addition of 20 μl (1:20 and 1:10 dilution respectively) to 300 μmol/l CPO or 1.2 mmol/l PO, respectively (2 mol/l NaCl 0.1 mol/l Tris-HCL pH 8.5 2.0 mmol/ l CaCl 2 ). AREase, DZOase, and CPOase assays were carried out using UV transparent 96-well plates. Initial linear rates of hydrolysis (0-2 min) in mOD/min were converted to U/ml for AREase and U/l for DZOase, CPOase, and POase activities using the following molar extinction coefficients: 1.310 mmol/l•cm, 3.03 mmol/l•cm −1 , 5.56 mmol/l•, 18 mmol/l•cm, respectively. All samples were assayed in triplicate and the mean of the 3 values was used for subsequent analyses.
Statistical analysis
The CVs were calculated to summarize overall inter-laboratory variability. DZOase and POase activities were log transformed in all analyses to normalize their distributions. Pearsons's correlation coefficient was calculated to examine correlations between PON1 activities measured at the UW laboratory vs the UCB laboratory; a paired t-test was used to determine differences between measurements made at the 2 laboratories. Additionally, Deming regression was used to explore associations between measurements made at the two labs and the Bland-Altman procedure was performed to determine their degree of agreement and produce difference plots. Similarly, to compare PON1 enzyme activity measured in serum and heparinized plasma, CV and Pearson's correlation coefficients were generated and Deming regression and the Bland Altman procedure were performed. A paired t-test was also used to evaluate differences between PON1 activities in serum versus plasma. Intra-and inter-assay variability of lab control samples was described using CV. Linear regression models were used to determine the effect of changes in temperature (from 25°C) on PON1 enzymatic activity for AREase and DZOase, the 2 assays performed at ambient temperature. For this linear regression model, the dependent variable was percent change in enzyme activity (from that measured at 25°C) and the independent variable was the temperature difference from 25°C. Pearson's correlation analysis and linear mixed models were utilized for comparison of PON1 activity in CHAMACOS samples (n=95) assayed after 2 and 7 y of storage (−80°C). The linear mixed model allows for the evaluation of differences between measurements at years 2 and 7, while accounting for repeated measures on the same subjects and adjusting for assay temperature. CV was calculated to examine the effects of multiple freeze-thaw cycles (1-4) on laboratory volunteer samples. Linear mixed models were also used to compare the effects of storage duration on samples that had been thawed once between years 2 and 7 of storage and those that had not been thawed over that time. All statistical analyses were performed using STATA 9.0 (Statacorp, College Station, TX).
Results
Inter-laboratory variability
To confirm the overall reproducibility of the PON1 enzymatic assays between laboratories, a subset of 22 CHAMACOS samples were assayed in parallel both in the Holland laboratory at UCB, and at the Furlong laboratory at UW. We observed low variability between laboratories (Fig. 1) . The average CV's for AREase and POase (for the 22 sample pairs) were 7% and 5%, respectively, and were comparable to intra-lab variability. Enzyme activity measures generated by the 2 laboratories were highly correlated. Pearson correlation coefficients for AREase, ln DZOase, CPOase, and ln POase were 0.97, 0.95, 0.96, 0.99 respectively (p<0.0005 for all 4 PON1 assays). We did not detect a statistically significant difference between laboratories for AREase, CPOase, and ln POase activities (paired t-test). However, measurements of ln DZOase by the UCB laboratory were slightly lower (10%) than the UW laboratory (paired t-test; 
Serum versus heparinized plasma in PON1 enzymatic assays
PON1 enzyme activity was evaluated in samples from 38 children from the IBD cohort for comparison of measurements in serum and heparinized plasma. The average intra-assay CV calculated from triplicate measurements of each sample was about 1% for both sample types in all 4 assays. The average CV between paired serum and plasma samples (for the same subject) was 15.3%, 15.3%, 14.7%, and 15.4% for AREase, DZOase, CPOase, and POase, respectively. In addition, PON1 enzyme activity in serum and plasma were highly correlated (Fig. 2) . The Pearson's correlation coefficient was 0.72, 0.65, 0.75, and 0.94 for AREase, ln DZOase, CPOase, and ln POase, respectively (p < 0.0005 for all assays). We found that PON1 enzyme activities were consistently higher in serum than in heparinized plasma both by paired t-test analysis (p<0.01) and Deming regression. The Deming regression equations for the difference between heparin plasma (y) and serum (x, 95% confidence interval in parentheses) were: y=1.02(0.67,1.38)x−17. 
Intra-and inter-assay variability in plasma
Laboratory volunteer samples were collected in 2006 and multiple aliquots were prepared and stored at −80°C for use as internal control samples in >20 separate experiments over 2 y. In addition, within the same experiment, multiple aliquots of the same internal controls were prepared and each aliquot was assayed on a different plate. Within-assay variability as characterized by the average CV for within experiment measurements of lab control samples was relatively low. The CV was 4.3%, 2.8%, 2.1%, and 2.8% for AREase, DZOase, CPOase, and POase, respectively. As expected, the inter-assay variability was slightly higher than intraassay variability. The average CV between assays was 7.5%, 5.7%, 7.6%, and 9.0% for AREase, DZOase, CPOase, and POase, respectively (Fig. 3) .
Effects of temperature on AREase and DZOase activity
Lab volunteer samples were assayed multiple times at temperatures ranging from 24.7°C to 29.3°C. Enzyme activity in both assays increased with temperature (Fig. 4) . Using linear regression analysis, we found that an increase of temperature by 1°C was associated with a 4.5% (p<0.001) and a 2.6% (p<0.001) increase in AREase and DZOase, respectively. Since temperature affected the assay results, we used the equations generated by linear regressions (Fig. 4) to predict AREase and DZOase values for a constant temperature of 25°C in subsequent analyses. As an alternative to using these temperature correction factors, we also found that including an assay temperature variable in the statistical model yielded similar results.
Effect of storage duration
To examine the effects of storage duration in samples stored for < 2 ys, we assayed multiple plasma aliquots from the same lab volunteer sample at different lengths of storage time (−80°C ) ranging from 415 to 631 days. All 4 PON1 assays were performed on these aliquots a total of 17 times. We did not observe a significant association between sample storage duration and AREase, ln DZOase, and CPOase activity. However, we did find a statistically significant decline in ln POase activity with storage duration. The decrease was equivalent to 0.05% in POase activity per day of storage (p=0.027) and appeared linear for the particular range of time observed (days 415-631).
Plasma samples from 95 CHAMACOS mothers were assayed in 2002 at the UW laboratory (after 2 y of storage) [24, 36] and then separate aliquots of the same samples that had not yet been thawed were assayed in 2007 after 2 y of storage in the UCB laboratory to determine the long term effects of storage duration. The measurements made after 2 y of storage were significantly correlated with measurements made after 7 y of storage for all 4 assays; however, the correlation was highest for POase activity. The Pearson's correlation coefficients were 0.51, 0.64, 0.55, and 0.79 for AREase, ln DZOase, CPOase, and ln POase respectively (p<0.0005 for all 4 assays). On average, enzyme activities were 17.1%, 39.4%, and 37.6% lower in the set of samples stored for 7 y as compared to those stored for 2 y (P<0.001 for all 3 assays) for AREase, CPOase, and POase respectively (Fig. 5) . In contrast, DZOase activity was 22.9% higher (p<0.0005).
Effect of freeze-thaw cycles
We used multiple aliquots of plasma samples from 5 lab control volunteers to examine the effects of freeze-thaw cycles on PON1 enzyme activity in specimens stored at −80°C for < 2 y. Aliquots of each sample underwent between 1 and 4 freeze-thaw cycles before PON1 assays were performed. We did not identify a significant change in PON1 activity for any of the 4 assays in samples experiencing a greater number of freeze-thaw cycles (Fig. 6) . The intersample CV (freeze-thaw cycles) was 6.6%, 4.9%, 5.3%, and 6.0% for AREase, DZOase, CPOase, and POase, respectively. Thus, freeze-thaw cycles did not appear to affect PON1 enzyme activity assays in samples stored < 2 y.
In contrast, freeze-thaw cycles did affect PON1 enzyme activity in samples that had been stored for > 2 y. We assayed a subset of 27 CHAMACOS samples at years 2 and 7 (duration of storage at −80°C). Between years 2 and 7, these samples had undergone one additional freeze-thaw cycle. On average, PON1 enzyme activity was 25.7% lower (p<0.0005) for AREase and 14.2% higher for DZOase activity (p=0.001) after adjusting for temperature (Fig. 5) . In comparison to the 95 CHAMACOS samples which had not been thawed between years 2 and 7, the thawed samples experienced a more dramatic decrease in AREase activity (17.1% for unthawed samples and 25.7% for thawed samples) that was statistically significant (p<0.0005). For ln DZOase, both thawed and unthawed samples had increased activity at year 7. For CPOase and ln POase activity, the additional freeze-thaw cycle did not significantly affect PON1 enzyme activity differences between samples stored for 2 and 7 y(p=0.39 and p=0.87, respectively) and the decrease in activity was comparable to unthawed samples (36.2% and 33.5%, respectively).
Discussion
In this study, we sought to characterize sources of technical variability for PON1 substratespecific enzyme activity assays. We focused particularly on longitudinal studies, which can generate thousands of banked samples that are often analyzed after different periods of time have elapsed. We observed differences in measurable PON1 enzyme activity due to several sources: (1) use of heparinized plasma versus serum, (2) assay temperature, (3) duration of storage, and (4) freeze-thaw cycles; of these sources, duration of storage had the greatest impact on PON1 activity, particularly in samples stored for more than two years. We found relatively low intra-and inter-assay CVs (<10%) for control samples; intra-and inter-assay CV for POase were comparable to those previously reported in serum (3.5% and 2.7%, respectively) [22] . Additionally, we observed low inter-laboratory variability for samples run in parallel using identical reagents, software, and protocols at UCB and UW. These results establish good reproducibility of the PON1 enzymatic assays and support their suitability for use in epidemiologic studies. However, these sources of technical variability should be carefully considered in study design, subsequent statistical analysis, and interpretation of findings.
While a previous study of storage time on serum stored at −20°C reported no significant change in AREase activity over the course of 6 months [28] , we observed lower activity in all assays except DZOase in samples stored for 7 y at −80°C. Similar results were reported in one study, which described a gradual decrease in serum POase activity in samples stored up to 4 y at −20°C [29] and in another which found that AREase, DZOase, and POase activity in plasma samples stored up to 6 y at −20°C decreased over time [37] . In longitudinal studies, it will be important to consider the effects of storage duration on PON1 activity, especially when comparing measurements from samples stored for varying lengths of time. Stenzel et al. [37] calculated a half-life of 9.5 y for POase activity stored at −20°C by fitting an exponential function to their data; thus it may be possible to adjust for storage duration in longitudinal studies by fitting a similar model.
Our analysis of long term storage duration compared PON1 enzyme activity measurements made in the UW laboratory to measurements made on the same samples 5 y later at the UCB laboratory. We must acknowledge that storage duration could not be isolated as the only source of variation since factors that may have differed between the 2 laboratories (i.e., possible changes over time with respect to reagents, equipment, or procedures) may have also affected PON1 measurements. However, our inter-laboratory exercise established good comparability between the two laboratories for concurrent experiments (using the same protocols and reagents).
We did not observe any effect of multiple freeze-thaw cycles (up to 4) on PON1 enzyme activity in the UCB volunteer samples (storage duration up to 2 u). However, in samples stored up to 7 y (−80°C), freeze-thaw cycles resulted in decreased AREase and slightly increased DZOase activity. Similar to storage duration, multiple freeze-thaw cycles do not seem to impact PON1 enzyme activity as dramatically in one to two year old samples as compared to 7 y old samples. It is also important to note that the impact of freeze-thaw cycles was not consistent for all 4 substrate-specific assays, but mostly affected decreased AREase activity. One possible explanation is that unlike the 3 other substrate-specific PON1 assays, AREase assay uses an aryl ester substrate (phenyl acetate) rather than a phosphotriester (DZO, CPO, and PO). A sitedirected mutagenesis study of PON1 demonstrated that the active sites for aryl esters and phosphotriesters are different [38] . Thus, it is not unexpected that the rates of hydrolysis of the different substrates could be differentially affected by storage conditions.
Temperature was positively correlated with AREase and DZOase activity. These two assays are often performed at ambient room temperature and thus may be affected when temperature fluctuations cannot be avoided in the laboratory environment. To minimize these effects, one could (1) adjust for temperature variation using statistical modeling or (2) ensure temperature stabilization by setting the microplate spectrophotometer temperature to some level slightly higher than typical room temperature.
Specimen type is another source of variability for PON1 enzyme activity. Some studies may only have certain specimens available for analyses; therefore it is important to determine what potential differences may arise when performing assays in varying specimen types such as serum or heparinized plasma. In our study, PON1 activity was higher in serum than plasma. However, enzyme activity in serum and heparinized plasma samples were highly correlated. Our results corroborated those reported by Brackley et al. [29] , who also reported higher PON1 enzyme activity in serum versus plasma. They suggest that fibrin clots retain water, resulting in slightly higher serum concentrations. These differences between serum and plasma PON1 activity should be taken into account when designing a study and comparing values to those reported in other studies.
This study provided an opportunity to carefully examine challenges that may exist when using PON1 assays in longitudinal and pediatric disease studies. Utilizing samples from 2 pediatric cohorts, we were able to explore a comprehensive set of variability factors. Additionally, samples from these cohorts had been stored for long periods of time, allowing us to determine the effects of storage time over much greater durations than most previous studies.
PON1 has been implicated in many important pathways affecting health, including OP sensitivity and oxidative stress, and the number of studies of PON genotypes and activity is growing quickly [1, [39] [40] [41] . Measurement of PON1 levels as determined by enzymatic assays is essential for determination of PON1 status and provides more information than PON1 genotype alone. Thus, use of PON1 enzymatic assays to characterize host variability may help clarify potential susceptibilities to major health endpoints. Our study demonstrates that results are relatively reproducible within and between assays and also between laboratories when using a standardized protocol. Sources of technical variability including temperature, storage duration, and freeze-thaw cycles should be monitored and minimized either via study design or through statistical adjustment. It is of particular concern for longitudinal studies, where long term specimen handling and storage are more likely to affect results. Inter-laboratory variability of AREase (A) and POase (C) assays. PON1 assays were performed in parallel on the same 22 samples at the University of California, Berkeley (UCB), and the University of Washington, Seattle (UW), and using the same reagents, software, and protocols. Deming regression was used to determine the association between measurements made at each laboratory. Bland-Altman plots are shown for AREase (B) and ln POase (D). The dotted line represents the mean difference between laboratory measurements (−4.0 and −0.03 for AREase and ln POase, respectively) and the shaded region represents the 95% confidence intervals for this difference. For AREase, CV was 7% and the Pearson's correlation coefficient (R) was 0.97. For POase, CV was 5%. R for ln POase was 0.99. PON1 enzyme activity assays in serum versus heparinized plasma. AREase (A,B) and ln POase (C,D) activity were measured in serum and sodium heparin plasma in children (n=38). Deming regression was used to determine the association between measurements in serum and in plasma. Bland-Altman plots are shown for AREase (B) and ln POase (D). The dotted line represents the mean difference between serum and plasma measurements (−13.8 and −0.19 for AREase and ln POase, respectively) and the shaded region represents the 95% confidence interval for this difference. The Pearson's correlation coefficient was 0.72 (p<0.0005) and 0.94 (p<0.0005) for AREase and ln POase, respectively. Inter-assay variability of PON1 enzyme activity in laboratory control plasma samples. Plasma samples were collected from laboratory volunteers in 2006 and multiple aliquots were made before storing at −80°C. Laboratory control sample 1 (•) and laboratory control 2 (○) were repeatedly assayed to measure inter-assay variability for all 4 PON1 substrates. The CV between assays was 7.5% for AREase (A) and 9.0% for POase (B). Effects of ambient temperature on PON1 enzyme activity assays. Both AREase (A) and DZOase (B) activities increased with temperature (p<0.001 for both). Linear regression models were used to determine the relative percent change in AREase and DZOase activity per degree deviation from 25°C. Enzyme activity increased 4.5% and 2.6% per degree increase for AREase and DZOase, respectively. For 95 subjects (•), all 4 PON1 enzyme activity assays, AREase (A), ln DZOase (B), CPOase (C), and ln POase (D) were run after storage at −80°C at 2 and 7 y. Measures of all 4 enzyme activities were significantly correlated between samples from the same subjects run after 2 and 7 y of storage at −80°C. Correlation coefficients were 0.51, 0.64. 0.55, and 0.79, respectively (p<0.0005 for all 4 enzyme activity assays). For a second subset (n=27, ○), samples were also run after storage at 2 and 7 y. However, these samples had been through an additional freezethaw cycle before being rerun at 7 y of storage. Correlation coefficients for these previously thawed samples were 0.75, 0.95, 0.98, and 0.99 respectively (p<0.0005 for all 4 enzyme activity assays). Effect of freeze-thaw cycles on PON1 enzyme activity. Five lab control samples were frozen at −80°C (sample 1 ; sample 2 ; sample 3 ; sample 4 ; sample 5 ) and underwent 1-4 freeze-thaw cycles over 2 weeks. Average within-sample CV (%) was 6.5, 4.9, 5.3, and 6.0 for AREase, DZOase, CPOase, and POase, respectively.
